A whole-cell C. albicans screen was designed to identify novel inhibitors interacting with the synthesis, assembly and regulation of the fungal cell wall. C. albicans was grown in a paired broth assay in 96-well plates with natural product extracts or pure chemical compoundsin the presence and absence of the osmotic stabilizer, sorbitol. Growthwas visually examinedover a 7-day period and scored into different growth categories. Positives from the sorbitol rescue were then examined under the microscope for morphological alterations and grouped into several morphological classes. Sorbitol protection and cell morphology were indicators of novel antifungal agents from natural product extracts and pure compounds.
Infections from Candida albicans and other fungi pose a serious risk to immunocompromised individuals. The current antifungal drugs are either toxic (amphotericin B) or fungistatic (azoles) and new compounds are actively being sought. The fungal cell wall serves as a protective barrier, prevents osmotic bursting from protoplast turgor pressure and confers shape. The wall is therefore essential for growth and viability of fungi in a hypotonic environment. The cell wall consists of many macromolecular components such as /?-glucans, chitin, mannoproteins and other proteins1}. Once these constituents are synthesized they are not randomly assembled in the cell wall but probably interact with each other via a series of wall-associated enzymes performing cross-linking, branching and other functions. Many of the polymers and wall-assembly products are essential to the organism and enzymes that synthesize these constituents could be important antifungal targets.
The cell wall is dispensable if fungi are protected with an osmotic support under specific conditions. Protoplasts stabilized with osmo-protectants have been important biochemical tools for studying the fungal cell wall architecture2). In addition, osmotic stability has been used with C. albicans and other fungi to study mode of action of several antibiotics3A\ Aculeacin-treated C. albicans cells were viable if broth cultures were protected with sorbitol, but lysed if plated out on agar without an os- 8086 and AB 1435K-51, respectively) were positive in the microtiter dilution tests. The protection of growth with sorbitol is not limited to /HI ,3) glucan synthesis inhibitors but can also be applied to inhibitors of synthesis of other cell wall polymers, and the mechanisms controlling cell wall synthesis. Calcofluor white and Congo red are agents that activate chitin synthesis and interfere with polymer assembly13'14). After 7 days of incubation, cell growth was visible at 25<diigjm\ of calcofluor in the presence of sorbitol, but in its absence the MIC was 7.8 jug/ml. Geotrichum lactis also grew in the presence of calcofluor when sorbitol was present13). Although Nikkomycin Z is a potent inhibitor of chitin synthesis, this compound is dependent on peptide transport15'16) and had no effect in the YNB Glucan synthesis that can find not only agents that directly affect cell wall synthesis and assembly but also regulatory mechanisms involved in this process. Agents whose modeof action is not associated with cell wall synthesis or that do interfere with the cell wall process but show nonspecific interactions with other unrelated targets will have limited protection with sorbitol. The assay was adapted to a primary screen. Rather than conducting a microtiter dilution with each natural product extract, a one point concentration was used for each sample. Since the protection windowwith sorbitol was quite broad with papulacandin B or echinocandin B producing fermentations, moderate concentrations of extracts could be used to increase the sensitivity of the assay. Plates are examined visually after 2 and 7 days and scored into various growth categories. Control cells were con fluent in growth after 2 days in the absence of sorbitol. At 2 days of growth, all wells with antifungal activity in both the presence and absence of sorbitol are scored as "clear" indicating growth inhibition. Those extracts requiring sorbitol for cell growth are listed as "strong protection" whereas those cells enhanced in growth with sorbitol are listed as "marginal protection". The marginal category is generally restricted for those APR. 1995 extracts in which the sorbitol protected cells are con fluent in growth but the minus sorbitol treatment has only a few colonies. Those extracts showing growth in the absence of sorbitol but inhibition in the presence of sorbitol are ignored. Sorbitol causes a slight stress to cells and in the presence of some weak nonspecific cell wall inhibitors, cell growth can be inhibited. The plates are then read at 7 days but only the clear hits and previous positives are examined. Those cells that grow slowly after 7 days in both +/-sorbitol are scored as "slow growth". In a screen of natural product extracts from randomly isolated fungi, actinomycetes, and plants, the hit rate was less than 0.5% (> 10,000 extracts tested). Positives can then be analyzed in a microtiter broth dilution assay to determine the relative potency and how broad the sorbitol protection windowis with the extract. The second part of the assay is to examine microscopically each hit and record the morphology of the cells. This can be done at the primary screen stage but preferable during the microtiter dilution assay. Fungal morphology has been used as a method for primary screening of novel antifungals, but is laborious requiring examination of manysamples. Positives from sorbitol protection assay limits not only the number of samples Table 2 Table 2 ). Although treatment of S. cerevisiae with either Calcofluor white or Congored resulted in multicellular aggregates13), C. albicans morphology appeared nomal. Typically, the morphology is the same in both the +/-plates but differences have been noted with some extracts. Generally the best morphologies are seen at sub-MIC levels in both assays. The list of possible targets is based on morphological characteristics reported in the literature as well as from the morphology of known antifungal agents observed in this study. Not all the possible targets listed in Table 2 have been documented as requiring sorbitol for growth. Grouping hits into morphology classes also enables certain types to be further examined in dereplications assays and for biochemical study. The SPAMassay is a broad spectrum screen that finds inhibitors of the synthesis, assembly and regulatory mechanisms of the fungal cell walFin C. albicans. The assay is compatible with a range of natural products extracts as well as pure chemicals. 
